Introduction
The factors which may determine the resistance of recent marine carbonate sediments to solution include : (a) properties of sediments type of calcium carbonate, co-existing material in the crystal structure of calcium carbonate (magnesium, organic material), and particle size; and (b) properties of solutionpH, chemical composition, and temperature.
The most stable polymorph of calcium carbonate is calcite under natural conditions (JAMIESON, 1953) . Calcite is known to be more resistant to solutionthan aragonite, however, a co-existing material in the crystal structure of calcium carbonate greatly affects the solubility.
CHAVE (1954, 1962) and KITANO and FURUTSU (1959) showed that magnesium, the major impurity in marine carbonates, exists, in a calcite crystal, structure as a solid solution series between calcite and dolomite, and that as the magnesium content increases in the solid solution series, the solubility of the calcite increases and eventually becomes greater than that of aragonite.
As magnesium exists in calcite and is incompatible with aragonite (CHAVE, 1954) , the crystal type of calcium carbonate exerts a major control on the solution of natural carbonates.
An excellent study on the solubility of a few carbonates was presented by GARRELS, et al. (1960) , near room temperature conditions. The study was, however, carried out under one atmospheric pressure of carbon dioxide gas with the emphasis on pH determination.
Other investigations on the solution of carbonates also emphasized pH changes (HOLLAND, et al., 1960 WEYL, 1961 .
The authors have determined the pH values and also the amounts of calcium and magnesium dissolved from the sediments to solution.
The objective of this study is to determine the effect of the particle size, the mineralogy and the chemical composition of recent marine carbonate sediments on their resistance to solution having the ion pairs of sea water and to distilled water.
Experimental
Solutions of ion pairs of sea water : Solutions of the following ion pairs of sea water were prepared from reagent grade chemicals. were collected on cruise 61-H-5 at a Isla Desertora, Alacran Reef, Campeche Bank, in the Gulf of Mexico. Sample Numbers 4 and 13 were bottom samples collected off the Campeche Bank on cruise 59-H-7.
Sample Numbers 2, 4 and 13 were subdivided by sieving into 10, 18, 35, 60, 120, 230 , and pass 230 mesh fractions. Sample Number 13 was further subdivided into 1/2", 3/8", 1/4", and 8 mesh fractions. See Table 1 . Each of the above samples or each of their fractions was ground in an agate mortar for two hours.
The unground and the ground portion were used for the determination of the calcium and the magnesium content in each sample, and also for the solution experiments. Table 2 reports the percentage of CaCO3 and MgCO3 present in each of the unground and the ground sediment samples, and indicates that different values of magnesium carbonate content existed for the ground and the unground sample of the same size fraction. This difference appears due to the heterogeneous nature of the sample. Binocular examination of the samples revealed a number of echinoid spines which are known to be very high in magnesium carbonate. It is said that the ground sample gives a better indication of the , average content, of magnesium carbonate present in each size fraction of each sample. This suggestion is borne out as the difference in magnesium carbonate content decreases with 4crease in sediment size. ( 47 ) chloride solution. Therefore, it can not always be said that the suspensions of the carbonate sediments, which have been left to stand for 6 to 8 months, are nearly saturated with calcium carbonate. It is clear that the suspensions are not saturated with magnesium carbonate. There was the difference between the ion products for the ground and for the unground samples. The difference in the ion products is due to the same reason as in the dissolved amounts of calcium and magnesium.
The reason for this is not known with certainty ; however, there is a possible explanation : As discussed early, magnesium carbonate in recent marine carbonate sediments is present as a solid solution between calcite and dolomite. From the X-ray diffraction pattern of the sediments containing magnesium carbonate, it was seen that most of them were a mixture of high magnesium calcite and low magnesium calcite. The low magnesium calcite is stable and insoluble, while the high magnesium calcite is unstable and fairly soluble. When the sediments are suspended, the high magnesium calcite is dissolved very rapidly as compared with the low magnesium calcite. The surfaces of the sediments are in equilibrium with sea water, while the inner parts of the sediments are not. Grinding makes a great number of the inner parts (the high magnesium calcite) exposed to a solution.
Therefore, a large amount of magnesium ions are dissolved with carbonate ions more rapidly from the ground sediments than from the unground sediments.
A large amount of the carbonate ions dissolved from the ground samples inhibit the dissolution of calcium, because the solubility of calcium carbonate is small. However, the amount of calcium dissolved from the unground samples can become large, because the amount of carbonate dissolved with magnesium from the unground samples is small. The dissolved amounts of calcium and magnesium depend on the surface condition of the sediments and to the chemical composition of the solution.
The thought interpretes the experimental results that the amount of magnesium dissolved out of the ground sediments was higher than that out of the unground sediments, and that the amount of calcium out of the ground sediments was lower than that out of the unground sediments (Figures 6 and 7) . But it can not be explained yet that the dissolved amount of calcium plus magnesium and the [Ca] [CO3] ion product for the unground sediments were higher than those for the ground sediments in magnesium chloride and sodium chloride+ magnesium chloride solution (Figure 8) .
pH values were measured as each sediment went into solution. Figures 14, 15 , 16, 17 and 18 show a time change in pH values for various size fractions of sample Number 4: (F) From the pH values observed within the first 10 or 15 minutes, it was evident that particle size did affect the rate of solution. The ground samples, in every case, went into solution very rapidly as indicated by the immediate rise of pH. For the unground samples the rate of pH change (the rate of solution) decreased mainly with increase in grain size. This indicates that the initial rate of solution is dependent mainly upon grain size.
All differences in pH with respect to particle size disappeared after one week. No correlation appeared to exist between particle size and ultimate pH in any of the solutions used.
The pH values which reach during the initial stages of solution are as high as 9. 7, which are considerably greater than the final equilibrium pH values of 8.2 to 8.4. It is suggested here that supersaturation occurs during initial solution of marine carbonate sediments in the ion pairs of sea water.
Reprecipitation of the cations is indicated by the lower pH valuses after 1 week. It has been reported that pH in a solution indicates the dissolved amount of carbonate sediment in the solution (GARRELS, 1960 WEYL, 1961 . However, it is apparent from the authors' measurements that the pH values do not reflect the dissolved amounts of calcium and magnesium, because the dissolved amounts of calcium and magnesium from the ground sample were different from those from the unground sample in every case, although the final pH values were the same for the both samples. It is suggested that the initial solution of each sediment is followed by reprecipitation until an equilibrium value is reached.
